Abstract. We perform numerical simulations to explore the dynamical evolution of the HD 82943 planetary system. By simulating diverse planetary configurations, we find two mechanisms to maintain the stability of the system: the 2:1 mean motion resonance between the planets can act as the first mechanism for all stable orbits. The second mechanism is the apsidal alignment and we find that the difference of the apsidal longitudes θ3 librates about 180
Introduction
At present, more than one hundred giant extrasolar planets have been discovered in Doppler surveys of solar-type stars (Butler et al. 2000 (Butler et al. , 2003 , among which there are 10 multi-planetary systems, including 8 two-planet systems (HD 82943, GJ 876, HD 168443, HD 74156, 47 Uma, HD 37124, HD 38529 and HD 12661) and 2 threeplanet systems (55 Cnc and Ups And). The observations indicate the Mean Motion Resonance (MMR) frequently occurs for the planets of the multi-planetary systems: the two planets of the GJ 876 (Lee & Peale 2002 , Laughlin & Chambers 2001 , Kinoshita & Nakai 2001 , Ji, Li & Liu 2002 and HD 82943 (Beauge et al. 2002) are respectively in the 2:1 MMR, the inner two companions of the 55Cnc seem to be near 3:1 MMR and 47 Uma (Laughlin et al. 2002) is close to a 7:3 commensurability, which promote us to study these resonant configurations of these planetary systems.
We designed pure N-body codes (Ji, Li & Liu 2002) to perform the numerical integrations for the system by using RKF7(8). Furthermore, we also used symplectic integrators (Feng 1986 , Wisdom & Holman 1991 to integrate the same orbit to assure the results for some cases. For all the orbits, we assume that the semi-major axes of the two planets are always unchanged,respectively 1.16 AU and 0.73 AU(see Table 1 ) 1 . Next,we let the initial eccentricities e 0 , 0.41 and 0.54 respectively, be the centers and take the error of the measurement ∆e as the radii to randomly produce the eccentricities. We treated the arguments of periastra in the same way. And the left two angles of nodal longitudes and mean anomalies are randomly chosen between 0 • and 360 • . Finally, 100 coplanar orbits were separately generated for each planet as the initial conditions for the integration. In this paper, we aim to study the dynamical behavior of the HD 82943 system by examining various configurations in the vicinity of the fitting results, further attempt to discover the possible mechanisms of maintaining the system under study. 
Apsidal alignment
In the numerical studies, we expect to understand the characteristic of the secular behavior of the HD 82943 system. Each integration was executed for 10 Myr. We found that 75 percents of all orbits are unstable on the timescale of 10 5 yr and only 5 percents of the experiments survive for 10 7 yr. We noticed that all the stable cases are involved in the 2:1 MMR and that the stability of a system is sensitive to its initial planetary configuration. Here we will present a stable configuration linked to 2:1 MMR and the apsidal alignment. At first, we introduce the critical argument θ 1 and θ 2 for the 2:1 MMR of the HD 82943 system is
where λ 1 , λ 2 are , respectively, the mean longitudes of the inner and outer planets, andω 1 ,ω 2 respectively denote the periastra longitudes of the two planets(subscript 1 for the inner planet; 2, the outer planet). Surprisingly, we found the orbits of the stable configuration apparently cross during the long-term orbital evolution. Figs. 1(a-b) show that they are not only in the 2:1 MMR, but also undergo apsidal alignment. The relative of the apsidal longitudes θ 3 is denoted by
From Fig.1b , we notice that θ 3 librates about 180 • , rather than 0 • , with an amplitude of ±30 • , which indicates that the alignment of the pericenters for the HD 82943 system. Similar phenomena were discovered in υ And (Chiang, Tabachnik & Tremaine 2001) and GJ 876 (Lee & Peale 2002) . Now it is widely believed that the apsidal alignment plays an important role in the stability of the discovered multipleplanet systems. In the following, we utilize a semi-analytical model to study the dynamics near the apsidal alignment and then compare the analytical result with the numerical outcomes. The Hamiltonian for the coplanar case (Kinoshita & Nakai 2002, Ji & Kinoshita, in preparation) is
In order to keep the Hamiltonian form, we should use Jacobi coordinates or canonical heliocentric coordinates to study the system. As the indirect part of the Hamiltonian does not contribute to the secular part, we simply take the direct part. As aforementioned, the orbits of the two planets intersect each other, the usual analytical development method of the main part can not be applicable to this case, then we adopt the original form of the main part of the disturbing function and numerically evaluate it. As we discuss the eccentricity of either of the planet in the case of the 2:1 MMR, by eliminating short-periodic terms, the new Hamiltonian reads:
The degrees of freedom of the new Hamiltonian (5) are reduced from four to two. However this Hamiltonian is not integrable. For the case of the 2:1 MMR, we can assume that a 1 and a 2 are constant for the critical argument θ 2 = 0. Correspondingly, the degrees of freedom of the new Hamiltonian are:
with conservation of the angular momentum:
We again eliminate e 2 in equation (6) according to (7) and we have
Thus we can draw the level curves of the Hamiltonian and understand the global behavior of e 1 and θ 3 . We draw the contour map of the Hamiltonian (8) by taking θ 3 as the horizontal axis and e 1 or e 2 as the vertical axis with the parameter H, which is determined from the initial conditions. Fig. 1c shows the contour map of the Hamiltonian (8).
Because the numerical solution includes the short-periodic terms, the numerically averaged solution is shown in Fig.1c . This figure shows a good agreement between the numerical solution and the semi-analytical secular solution. The eccentricities of both planets are well restricted because of the libration of θ 3 around 180 • . Therefore, we can safely conclude that the stability of the system of the coplanar crossing orbit is simultaneously maintained by two mechanisms-the 2:1 MMR and the apsidal alignment.
Conclusions
In final, we summarize some conclusions: we carried out the numerical simulations of the HD 82943 system for 10 7 yr and the results show that all of the stable orbits are associated with the 2:1 MMR. The existence of the 2:1 MMR can act as one of the mechanisms to maintain the stability of this system. The second mechanism is the apsidal alignment and we found that θ 3 librates about 180 • for HD 82943 system in the simulations. In particular, we underline that a stable case of coplanar crossing orbit is maintained by both 2:1 MMR and the apsidal alignment.
